Frequency and wavenumber selective optical excitation of spin waves through a coherent energy transfer from elastic waves is observed with a time-resolved magneto-optical microscope. The frequency and wavenumber of the spin waves are selected at the crossing of the dispersion relations of the spin waves and elastic waves, i.e. the resonance condition for the magnetoelastic coupling, and are controlled by applying an external magnetic field.
The development of spintronics is attracting a lot of attention due to the scaling limits of silicon based electronics. One of the concepts for future spintronic devices relies on the transfer of data via the collective oscillations of spins [1] [2] [3] [4] [5] [6] [7] , so-called spin waves or magnons. This approach is expected to provide novel functionalities such as multi-bit parallel processing [2] , low-energy consumption [7] , and quantum computation [1] . In this framework, femtosecond laser pulses have already demonstrated great potential, given their ability in the generation, manipulation and observation of the precessional motion of electron spins even with femtosecond period and nanometer wavelength [8] [9] [10] . Moreover, an alloptical scheme allows real-time imaging of the photoinduced spatially propagating spin waves [11] [12] [13] [14] [15] [16] [17] [18] and the reconstruction of spin wave dispersions [16] .
In magnetic media, lattice vibrations (phonons or elastic waves) and spin waves are hybridized due to the magnetoelastic coupling [19] . In particular, when an elastic wave and a spin wave have the same frequency and wavenumber, one can observe resonance behavior, socalled magnetoelastic waves. The concept of a magnetoelastic wave was first suggested by C. Kittel [20] and then extensively investigated theoretically [21] [22] [23] [24] [25] [26] and experimentally [23, [27] [28] [29] [30] [31] [32] [33] [34] [35] .
It has recently been discovered that magnetoelastic waves can be generated by femtosecond optical excitation via the magnetoelastic coupling [36] . The optical generation of magnetoelastic waves allowed to trigger dynamics of spin textures, such as magnetic bubbles and domain walls [36] . Although the excitation of the magnetoelastic waves was then attributed to the impulsive stimulated Raman scattering mechanism (ISRS), this interpretation is controversial since the reported excitation fluence dependence exhibited threshold behavior which has never been observed in any previous ISRS experiment [8, 37] .
Moreover, the control of the propagation properties of magnetoelastic waves (frequency and wavenumber) has not been demonstrated yet.
In this study, we investigate the excitation mechanism of the optically-generated magnetoelastic waves in a ferrimagnetic garnet film. The propagation of the magnetoelastic waves is observed with a time-resolved magnetooptical imaging method [38] and is characterized by spin wave tomography (SWaT) [16] . With SWaT, one can determine the frequency and wavenumber of spin waves by analyzing their propagation dynamics with a model based on the Fourier transform. We found that the magnetoelastic waves are excited by a coherent energy transfer from the optically-excited elastic waves, due to the magnetoelastic coupling, as schematically shown in Fig. 1 . The frequency and wavenumber of the magnetoelastic waves are manipulated by applying an external magnetic field. Finally, we discuss the excitation mechanism of the pure-elastic waves, which are the source of the observed magnetoelastic waves.
For our investigation, we chose a 4 µm thick bismuthdoped iron-garnet of Lu 2.3 Bi 0.7 Fe 4.2 Ga 0.8 O 12 , which is known to give a strong magneto-optical response [39] [40] [41] and a strong magnetoelastic coupling [30] . The sample was grown on a [001] oriented gadolinium gallium garnet substrate with liquid phase epitaxy.
The propagation of optically-excited spin waves was observed with a time-resolved magneto-optical imaging system based on a pump-and-probe technique and rotation analyzer method [38] . The experimental configuration is schematically shown in Fig. 2(a) . We used an 1 kHz amplified laser system generating 100 fs pulsed beam with a central wavelength of 800 nm. This beam was divided into two beams: pump and probe. Some measurements were performed tuning the wavelength of the pump beam to 400 nm, via frequency-doubling of the fundamental wavelength with a BBO crystal. Employing an optical parametric amplifier, the wavelength of the probe beam was tuned to 630 nm, because in this spectral range the sample shows a large Faraday rotation of (5.2 ± 0.3) degrees and high transmissivity (41 %) [39] [40] [41] . The pump beam was circularly polarized and then focused to a several µm diameter spot on the sample surface with a fluence of 1.2 J cm −2 . The probe beam was linearly polarized and weakly focused on the sample surface with a diameter of roughly 1 mm. The probe fluence was 0.2 mJ cm −2 . The transmitted probe beam was detected by a CCD camera with a spatial resolution of 1 µm. The absolute angle of the polarization plane of the probe beam was measured by using the rotation analyzer method with an accuracy of a few millidegrees [38] . An in-plane external magnetic field was applied along the [100] axis to control the orientation of the magnetization and to keep the sample in a single domain structure. All the experiments discussed here were performed at room temperature.
Figure 2(b) shows the magneto-optical images observed under the magnetic fields of 40 Oe, 240 Oe, and 400 Oe. The time delay between pump and probe pulses (∆t) was set to 4 ns. We observed spin waves propagating with complicated waveforms showing radial and concentric structures with a strong magnetic field dependence. Their magnetoelastic nature is proven by their propagation speeds of 2.9 km/s (dotted line in Fig. 2(c) ) and 6.2 km/s (dashed line in Fig. 2(c) ), which show good agreement with the propagation speeds of the transverse and the longitudinal modes of elastic waves [42] , respectively.
Any propagating wave is characterized by its frequency and wavenumber, which were determined by the SWaT analysis [16] . tained from the data shown in Figs. 2(b) and 2(c). We found that the dominant contribution to the signal appears around the crossing of the dispersion relations of elastic waves and spin waves. This is again a convincing proof of the magnetoelastic nature of the observed spin waves.
The temporal change in the amplitudes of the magnetoelastic waves is seen in time-resolved SWaT spectra obtained by applying a Gaussian time window for the calculation of the time-Fourier transform (Fig. 3) [16] . We see that the amplitude of the magnetoelastic waves gradually increases in time. This trend rules out ISRS as a possible excitation mechanism, since the impulsive nature of the ISRS process entails that the maximum amplitude of the magnetic oscillations occurs right after the photo-excitation [8, 37] . Note that in a previous investigation [36] , ISRS was ascribed as the excitation mechanism for magnetoelastic waves. Instead, we attribute the excitation of the magnetoelastic waves to the following process. First, the optical excitation of the sample generates pure-elastic waves due to the absorption of the pump pulse. Then, the pure-elastic waves gradually excite magnetoelastic waves due to the magnetoelastic coupling.
In SWaT spectra, magnetoelastic waves are observed as sharp peaks. This feature represents the excitation mechanism of magnetoelastic waves, which is a coherent energy transfer between optically-generated elastic waves and spin waves due to the magnetoelastic coupling. Spin waves excited by magnetoelastic coupling have a phase determined by the phase of their sources, i.e. the propagating elastic waves. Thus, spin waves generated at different time and different positions interfere. This interference is constructive only at the crossing of the dispersion curves of spin waves and elastic waves but destructive in other regions [16] . This process, caused by the coherence of the magnetoelastic waves, results in the selective excitation of magnetoelastic waves at a specific frequency and wavenumber and allows us their manipulation by the external magnetic fields (Fig. 2(d) ).
The observation of the sharp peaks by the magnetoelastic waves in the SWaT spectra can be understood in the following way. The SWaT spectrum is defined by the amplitude of m = χh, where χ is the dynamical susceptibility of the magnetic medium, and h represents the external stimulus. In the present case, h is induced by the optically-excited elastic waves (ǫ) due to the magnetoelastic coupling. Thus, we assume h ∝ ǫ [24] . By using convolution theory, we write ǫ = Ig p , where I represents the fluence of the pump at the focus and g p is the response function of the elastic waves. We assume I is a Gaussian function given by I ∝ exp(−k 2 r 2 0 /2), where r 0 is the radius of the pump focus. Then, the SWaT spectra are given by |m| ∝ |I||χ||g p |. Since |χ| and |g p | have large values at the dispersion relations of the spin waves and elastic waves, respectively, the product of |χ| and |g p | has a sharp peak at the crossing of the dispersion relations of the spin waves and elastic waves.
Consequently, the identification of the excitation mechanism of the magnetoelastic waves shifts to the potential pathways of the laser-excitation of the pure-elastic waves.
The optical excitation of the pure-elastic waves is attributed to the absorption of light by the sample. This conclusion is drawn by comparing two experiments performed with two different central pump wavelength (λ p ): 400 nm and 800 nm. The LuIG film is almost transparent at 800 nm, but shows large absorption at around 400 nm attributed to a charge transfer transition (CTT) [39] [40] [41] . Magnetoelastic waves generated by the pump pulses with different wavelengths show similar propagation except their excitation fluence dependences in their am-plitudes (Fig. 4) . The amplitude of the magnetoelastic waves increases with the excitation fluence linearly for λ p = 400 nm but quadratically for λ p = 800 nm. We ascribe these behaviors to the excitation fluence dependences of pure-elastic waves, which are generated by the absorption of the pump beam through linear absorption for λ p = 400 nm but through two-photon absorption for λ p = 800 nm [43] . The pure-elastic waves excite magnetoelastic waves due to the magnetoelastic coupling with a strength proportional to the amplitude of the elastic waves. It is well established that the absorption of light can trigger lattice excitations [44, 45] . Disentangling the microscopic process responsible for the generation of elastic waves is beyond the scope of the present work. The main statement demonstrated here is that the absorption of light plays a crucial role in the excitation of the magnetoelastic waves, unlike the non-dissipative ISRS picture invoked in earlier work [36] .
Elastic waves are widely used in a number of devices such as surface acoustic wave touch screens and radio frequency filters. Thus, the mechanism demonstrated in this study, i.e. the coherent energy transfer between elastic waves and spin waves, has great potential for applications, like a frequency and wavelength selective elastic wave absorber and a spin wave transmitter. The spectral features of these devices would be controlled by applying a magnetic field. This mechanism works in ferro-and ferrimagnetic materials for any elastic waves, longitudinal, transverse, and even surface acoustic waves [24] . Elastic waves do not have to be optically excited, but can be induced by other stimuli as well [24] .
Our work may change the perspective concerning the role of the lattice in optically-induced spin dynamics. So far, the majority of the experiments displayed an unavoidable and undesired scattering effect of the phonons on the spin, causing the damping and relaxation of the magnetic excitation. Our work provides a different scenario: the lattice vibration is now one of the ideal sources of spin waves with frequency-and wavevector-selectivity.
In summary, the excitation and propagation dynamics of magnetoelastic waves in a garnet film has been investigated with a time-resolved magneto-optical imaging system [38] . The dominant role played by the magnetoelastic coupling in the data has been demonstrated. Combining our extensive experimental investigation with the recently developed SWaT analysis, we could identify the pathways of the excitation of spins through the coherent energy transfer from the photo-induced elastic waves due to the magnetoelastic coupling. Moreover, we reveal that the excitation mechanism of the optically-generated elastic waves is dissipative in nature, being due to the absorption of light. Finally, we discussed potential applications using the coherent energy transfer between elastic waves and spin waves, investigated in this study.
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